A current investigation deals with experimental analysis of the heat transfer behavior and optimum relative width parameter of the solar air channel of aspect ratio of 10.0 with 60°a ngled broken multiple V-type baffles. The current experiment enclosed a wide range of parameter such as Reynolds number varied from 3000 to 8000, relative width varied from 1.0 to 6.0, relative baffle height of 0.5, relative baffle pitch of 10.0, relative discrete distance of 0.67 and relative gap width of 1.0. The obtained experimental results showed that higher overall thermal performance occurred at a relative baffle width of 5.0. Also, the results reveal that the broken multiple V-type baffles are thermo-hydraulically superior as compared to the other baffles shaped solar air channel.
Introduction
Solar energy in the form of solar radiation is freely available and non-polluting source of energy. The solar energy is converted into thermal energy by using solar collector for various engineering applications. The various heat transfer techniques has been developed to improve the thermal performance of solar collectors and these techniques has been applied in several industrial applications. According to literature, the thermal performance of SAC can be improved by the use baffles. Baffles in the SAC are used to produce turbulence, so as to augment the Nu rs . In order to create turbulence, baffles are placed into the forced flow to generate a secondary stream. Among the techniques used to improve Nu rs in a without baffle SAC one is to place broken multiple V-type baffles on the channel walls [1] [2] [3] [4] [5] [6] [7] [8] . For entire information of several experimental and mathematical techniques on baffles with distinct shapes, size, and orientations, readers may refer to. Dutta and Hossain [9] investigated the Nu rs and f rs in a SAC with inclined solid and perforated baffles. During experimentation they found that local Nu rs distribution significantly depends on the perforation, orientation, and position of the second baffle plate and Nu rs was 5.0 times high as compared to flat channel. Karwa et al. [10] experimentally studied the effect of solid and perforated baffles with Re varies from 2850 to 11,500, W H / D D of 7.77, P H / B B of 29, H H / B D is 0.495. Lin [11] experimentally investigated the Nu rs and f rs in SAC with baffles. Author examined the experimental outcomes of Nu rs for baffle designed with various heights and pores. Romdhane [12] examined that effect of Nu rs in a baffled solar air collector. The baffles were attached in the SAC. Baffles extend the trajectory of the circulation and keep the air in contact with the absorber and act as wings and improve Nu rs of the air. Shin and Kawak [13] studied the effect of the perforation shape for a blockage wall on the Nu rs in a stream passage. Five wide, narrow and circular hole geometries were tested. Karwa and Maheshwari [14] experimentally study Nu rs and f rs in a SAC with transverse fully perforated baffles and half perforated baffles attached to one of the broad wall. Ozgen et al. [15] reported the thermal performance in a SAC with baffles fitted to the heated wall. Bopche and Tandale [16] reported the wholly developed stream in a roughened SAC with U-shaped pattern baffles. Eiamsa-ard et al. [17] investigated the heat transfer augmentation in a SAC with winglet delta twisted tape baffles with different β O and H H / B D . Their studies shows that Nu rs and f rs data with winglet delta twisted tape were superior as compared to without winglet delta twisted tape. Promvong et al. [18] mathematically examined the performance of Nu rs and f rs in square channel attached with 45°inclined baffles with aRe ranging from 100 to 1200. Promovong [19] experimentally investigated the turbulent forced convection Nu rs and f rs loss behavior in a high W H / D D channel attached with 60°V-shaped baffles. Akpinar et al. [20] experimentally investigate the performance analysis of four types of SAH with different obstacles and without obstacle. They reported that efficiency of SAH depends on the surface geometry of collectors, solar radiation of air stream line. Chompookham et al. [21] experimentally studied the effect of winglet vortex type generators on the Nu rs and f rs behaviors for a turbulent stream. Bekele and Mishra [22] carried out the experimental studied of the turbulent air stream and heat transfer characteristics of SAC with delta shaped obstacle attached to the upper wall of a channel. Zhou and Ye [23] carried out the experimental studied of the turbulent air stream and heat transfer characteristics of SAC with delta winglet vortex generator baffles attached to the upper surface of a channel. Chamoli and Thakur [24] conducted an indoor experimental investigation to study Nu rs and f rs data of air passing through an air channel that was roughened by V-shaped perforated baffles. Tamna et al. [25] investigated the effect of multiple V baffle vortex generators to improve Nu rs in a channel fitted with 45°BVG with Re ranging from 4000 to 21 In view of the above, it can be stated that broken multiple V-type baffle preparation can yield improved performance as compared to without broken baffle preparation. However, investigations have not been carried out so far to optimize the width ratio between the baffle elements to form the broken baffle and also to locate the optimum position of this broken. The present investigation was therefore taken up to determine the optimum location and width baffle ratio in an multi V-baffle to form a broken baffle. This study will help in determining the width baffle ratio while discretizing the multi V-pattern baffle for enhancing the performance as compared to continuous multi V-pattern baffle. In the present work, experimental investigation on the performance of solar air channel, having the heated plate with rough in the form of multi V-baffle has been carried out. The stream Re has been varied between 3000 and 8000. 
Experimental program
Experimental approach has been adopted to produce the data in form of Nu rs and f rs for a solar air channel with broken multiple V-type baffle roughness to search the effect of W W / D B and Reon Nu rs and f rs . The experimental study encompasses the fabrication and installation of indoor test facility. The experimental setup has been validated by comparing experimental data collected on without baffle wall with the available standard data. After validation of experimental setup, extensive 
The heat transfer and pressure drop augmentations of 3.23 and 3.55 times were reported over a smooth solar air channel. These studies have shown that V-shaped baffle perform better than angled baffle. Angled baffles [9] H H
The heat transfer and pressure drop augmentations of 1.98 and 2.11 times were reported over a smooth rectangular channel. These studies have shown that angled baffle perform better than transverse baffle. Perforated baffles [10] H H
The heat transfer and pressure drop augmentations of 2.09 and 2.34 times were reported over a smooth solar air channel. Multi V-shaped baffles [19] H H
The heat transfer and pressure drop augmentations of 5.87 and 6.08 times were reported over a smooth solar air channel. These studies have shown that multi V-shaped baffle perform better than other baffle. Delta shaped baffles [22] H H
The heat transfer and pressure drop augmentations of 2.34 and 2.65 times were reported over a smooth solar air channel. Single V-Perforated shaped blocks [24] H H
The heat transfer and pressure drop augmentations of 3.43 and 3.78 times were reported over a smooth solar air channel. These studies have shown that V-shaped perforated blocks perform better than angled and simple V-shaped baffle. Discrete multi V-pattern baffle [Present study]
Literature review shows that single discrete V-pattern baffle have better overall thermal performance than simple continuous V-pattern baffle solar air channel. Multi V-pattern baffle have batter overall thermal performance than other baffle shapes solar air channel. It is thought that discrete multi V-pattern baffle will augment heat transfer compared to without discrete V-pattern baffle.
experimentations have been conducted on broken multiple V-type baffle to produce raw data on heated wall temperatures, air stream rates, and inlet and outlet temperature of air and pressure drop across the channel under stable conditions.
Experimental setup and procedure
To examine the influence of broken in the limbs of multi V-type baffle turbulent promoter on Nu rs and f rs of air stream, an experimental setup was designed and made-up. A schematic diagram of an experimental set up and photographic view are shown in Fig. 1 . The setup comprised a rectangular wooden channel coupled to a centrifugal blower through a circular galvanized iron (GI) pipe. The rectangular channel had W D of 300 mm, H D of 30 mm, and W H / D D of 10. It consist of inlet and exit sections that were interposed by test sections. The upper wall of the test section was an aluminum heated plate that was heated by an electric heater which provides a uniform heat flux over the whole top wall. Air mass flow rate through the SAC was measured with a calibrated orifice meter that was attached to a U-tube manometer. Air flow was regulated with two gate valves that were coupled in the lines. The temperature was calculated at different locations with calibrated 0.3 mm diameter Copper constantan thermocouples, which were coupled to a digital micro voltmeter (DMV) to illustrate the temperature. Calibrated copper-constantan (T-Type) thermocouples with data acquisition system, indicating output temperature in degree centigrade with an accuracy of 0.5°C were used. To minimize the percentage error in measurement of temperatures, minimum heat flux value is so selected as to raise the temperature of air by about 8°C in the test section. The temperature difference between the heated plate and the bulk air was observed to be above 20°C. Mass flow rate of air through the duct was measured by a orifice meter connected to U-tube inclined manometer. Orifice plate was calibrated against standard pitot tube. The pressure drop across the test section was measured with a micro-manometer having least count of 0.001 mm of water. Data were noted under the steady-state condition, which was assumed to have reached when the plate and air temperatures showed negligible variation for around a 10-min duration. The steady state for each test run was obtained in about 1.5-2 h. V-pattern baffle ( ) L v , Gap or discrete distance ( ) D d , Gap or discrete width ( ) G w , angle of attack α ( ) a , and the shape of the roughness elements. For a specific roughness type, a family of geometrically similar roughness is probable to recognize by altering relative baffles width
Range of parameters
and α a constant. The broken multiple V-type baffle is shown in Fig. 2 , Table 2 shows the range of parameters. Re 3000-8000
Data reduction
The data composed have been used to calculate h t , Nu, and f . Relevant expressions for the computation of the above parameters and some intermediate parameters have been given below.
Temperature measured
Weighted average plate air temperature: The mean temperature of the plate is the average of all temperatures of the heated plate:
The mean air temperature is a simple arithmetic mean of the inlet and outlet temperature of air flowing through the test section:
Mass flow rate measurement
Mass flow rate of air (m a ) has been calculated from the pressure drop measurement across the calibrated orifice meter by using the following formula:
. . a a 0 0 .
Velocity of air through channel
The velocity of air (V ) is calculated from the mass flow rate and given by The comparison of the experimental and estimated data of Nu ss and f ss as a function of Re is shown in Fig. 3 .
Uncertainty analysis
An uncertainty analysis has been carried to estimate the errors involved in experimental data measurement. The uncertainty is estimated based on errors associated with measuring instruments [30] . The maximum possible measurement errors in the values of major parameters are given below:
Mass flow rate ( ) m a : 2.14% Reynolds number ( ) Re : 6.34% 
